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Discovery of the ionizing radiations:
an historical breakthrough

 Radioactivity was there before Earth was
formed

* Man became aware of it only very
recently, about 100 years ago, and the
whole story Israther simple

* \When the Universe was born alot of
radioactive nuclides were produced:
only those one having long decay times
have arrived to our days
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Y ear Discovery type Author
1895 X-rays W.C.Rontgen
1896 Radioactivity H.Becquerel
1898 Radium & polonium M. & J.Curie
1899 | lonizing power of radiation E.Rutheford
1934 | Artificia radioactivity (alfa) |. Curie & F.Joliot
1934 Artificial radioactivity E.Fermi
1939 (neutron) O.Hahn & F.Strassmann
1940 Nuclear fission G.T. Seahorg et al.
1942 | Transuranium elements (Pu) E.Fermi
1945 Atomic pile Chicago Los Alamos team

1% nuclear bomb, New

Mexico
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The first nuclear data evaluation

THE RADIOACTIVE CONSTANTS AS OF 1930

Rerort or THE INTERN ATIONAL RAnnou-Sraxpanne Comurssion

By M. Comig, A. Desiesye, A. 8. Eve, H. Gmaer, 0. Haux, 8. C. Linn,
81, Meven, E. RuraEsroro, a¥p E. ScHWEDLER

1. INTRODUCTION

FOLLOWING the reorganization of the International Union of Chemistry
and of the International Atomic Weights Commission, the need has
arisen for the publication of special Tables of the Radioactive Constants.

This responsibility has been assumed by the International Radium
Standards Commission chosen in Brusscls in 1910, which has expressed its
willingness to cooperate with the International Unien.

Besides the members, M. Curie, A. Debierne, A. 5. Eve, H. Geiger, 0.
Hahn, 5. C. Lind, St. Meyer, E. Rutherford, E. Schweidler, the following
have taken part as experts: J. Chadwick, I. Joliot-Curie, K. W. F. Kohlrausch,
A, F. Kovarik, L. W. McKeehan, L. Meitner and H. Schlundt, to whom it is
desired to express especial obligations.

The following report will be simultaneously published® also in the Physika-
lische Zeitschrift, in the Journal of the American Chemical Society, Philoso-
phical Magazine, and Journal de Physique et le Radium.

II. GexErAL REMARKS oN SvMBoLs AND TERMS

The symbaols are provisionally retained as used in the texts of St, Meyer
and E. Schweidler, F. Kohlrausch and E. Rutherford, J. Chadwickand C. D
Ellis as well as in the Phys. Zeits, 10, 30 (1918), Zeits. {. Elektrochemie 24,
36 (1918}, Jahrb. d. Rad. u. Elektr. 19, 344 (1923).

For the three radioactive gases the use of the terms radon [Rn), thoron
{Tn), and actinon {An) is recommended (Zeits. [, anorg. Chem. 103, 79, 1918,
and as general term {or elements of atomic number 85 the retention of the
word *emanations” (Em) for the three isotopes, The words *emanate,” “ema-
nating power,” etc., are retained.

The designation “radio-lead” is restricted to the natural radio-active mix-
ture of lead isotopes in minerals and is not used to designate RaD.

Rals, ThD and AcD will be called uranium-lead, thorium-lead and actin-
mm-lead respectively, The mixture of RaG and AcD also will be designated
uranium-lead.

Instead of the designation “isatopic weight® (poids isofopique) as used in
the earlier Tubles infernaiionales des dleménis radisaciifs for the whole-num-
bered atomic weights or the number of hydrogen nuclei, the term “proton
number”® is proposed.

* T fecilitace desirable changes and additions in subsequent years it is requested that

data, notes and suggestions be sent to Prof. Dy, Stefan Meyer, Tnstitut fir Radiumforschung,
Boltzmanngasse 3, IX Vienna, Austria
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Sources of Data: from paper to WEB
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Nuclear data

Nucleus properties (half-life, mass, spin,
parity, binding energy, €tc.)

Decay properties (mode of decay, branchings,
assoclated radiations)

Cross-sections

Fission yields
Energy/angle distribution
Radiotoxicity

Derived data (e.g. 1sotopic power, specific
activity , etc.)
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Neutron Cross Sections (I)

Cross section is a measure of the probability ™= 1000 s

for areaction between two particlesto occiir.—— (\J] | ==

Unit of cross section isthe barn, which has
the dimensions of area— analogy with target
g. Ze. 300 m/s

Microscopic cross section defines
probability of reaction between neutron and
an individual particle or nucleus, i.e. 23°U.

Macroscopic cross section defines %
probability of interaction between neutron L ____:‘_

and some bulk material, i.e. concrete

Three most common types of reaction
Cross sections are absor ption, fission and
scattering.

Absorbtion Fission Scattering




@ - average number of L%
v o I
neutrons per unit area

(/ﬁ o 9 oo

L) -2 O% %
O\@D OE O Target Nuclei

Paths of neutrons

238 Capture Cross Section, CEA

neutron reaction rate = NOo ave

» Macroscopic cross section is related to mean free path ().
* ) isthe average path length in material between two collisions.
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Neutron Induced Fission

Neutron transport calculations are
complicated; one must resort to Monte
Carlo techniques which are computationally
expensive.

A tool for analysis of neutron induced
fission isincluded in Nucleonica: the fission
yield module.

It can be used to calculate the relative
abundances of the various fission products
for fissile radioisotopes.

J—h

neutron

target N\
nucleus

J neutron

o

fission
product

neutron

)

) neutron

fission
product




Fission Yields

number of
atoms of a specified nuclide
produced directly (after
emission of prompt neutrons
but excluding radioactive
decay) per fission

number of
atoms of a specific nuclide
produced directly and via decay
of precursors per fission

number of isobars
of specific mass produced per
fisson

Fission Products

| sotopes of more than 30 elements
are observed as fission products

Most of the fragments are far
from stability and decay by - or
delayed neutron emission

UUUUUUUU
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Case study: ¥7Au(y,n)**Au investigation




| EUROPEAN COMMISSI

e Characteristic gamma lines from
' 19%6Au decay

Reference Data
79 Gold

Actual Chart: Karlzruhe

\

Elemsnt: Mass:

Au v 196 v ]

Datazheet I Description I Derived Data I Average Cross Sechions | Radiations I Prompt Gamma Select Print Outputs

Mucleonica w

Gamma Rays |:| Beta Rays |:| Electron Capture and/or Pozitron Emiz=ion |:| Dizcrete Electrons |:| X-ray= and Annihilation Radiation

Update |

Gamma Rays

Number of linez: 16
Sum E.P (eV per dizintegration): 4.19E+05

Enerms €7 At (Kev) .c=i~n Probability, E.P. _ Energy x Emission Propability (keV)

35573 0.05 0.870464 0.0078792 3.10E+02
~—33.03 0.05 0.228932 0.00561886 7.62E+01
426.1 ooe 0.066312 0.0077364 2.83E+01
521.4 0.2 0.00389097 9.39017E-05 2.03E+00
1091.4 0.2 0.00148849 6.24043E-05 1.62E+00
326.2 0.4 0.000496164 0.000113249 1.62E-01

7591 03 0.0004438937 1.786TE-05 33VE-01




easurement of y-spectrum
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Counts

Half-life determination
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